ABSTRACT
INTRODUCTION
The cyanobacterial genus Microcystis (Kützing) ex Lemmermann (Cyanobacteria) 1907 has been associated with the toxic water blooms in many places around the world (Codd et al., 1999; Skulberg et al., 1994; Vasconcelos et al., 1996) . The most serious and worldwide known case involving the humans took place in Brazil, as 1996 (Jochimsen et al., 1998; Carmichael et al., 2001 ).
The increasing occurrence of toxic cyanobacterial blooms asks for a better understanding of genetic polymorphism as auxiliary tool helping species identification, as well as collaborating in the monitoring of the water for the public supply, once the identification of these organisms is established by widely variable morphological characteristics .
The c-phycocyanin genes (cpcB and cpcA) and the intervening intergenic spacer (cpcBA-IGS) show ariations in their sequences which are capable of differentiating genotypes below the generic level because they are highly polymorphic. Besides, they are relatively large-sized in comparison with other genes encoding for the photosynthetic pigments (~700-800bp), belong to all cyanobacteria and are restricted to these organisms when in freshwater ecosystems (Neilan et al., 1995; Bolch et al., 1996 , BittencourtOliveira et al., 2001 ). This study aimed to understand the genetic polymorphism by means of the RFLP-PCR (Restriction Fragment Length PolymorphicPolymerase Chain Reaction) technique applied to the intergenic spacer for the c-phycocyanin genes and flanking regions (cpcBA-IGS) in the toxic and non-toxic strains of Microcystis species, isolated from the diverse places in the Brazilian territory.
MATERIAL AND METHODS
The water samples were collected from many ecosystems in the Brazilian territory, which were used mainly for the water supply and recreation (Table 1) . The eighteen clonal and non-axenic strains of Microcystis spp. were used in this study (Table 1) . One individual colony was removed by micromanipulation technique with Pasteur pipettes. Each isolated colony was washed, by transferring it through several consecutive drops of water until all other microorganisms were removed, and subsequently transferred to glass tubes containing 10 ml of BG-11 medium (Rippka et al., 1979) using FeCl 3 .6H 2 O instead of ferric ammonium citrate. After a few weeks, the colonies became unicelullar and they were transferred to Petri dishes containing bacteriological agar at 1% (w/v) and BG-11 medium (modified). After growing on agar, an isolate was transferred to a tube containing liquid medium. The cultures were examined microscopically to ensure that there were no contaminating cyanobacteria. All the strains were maintained at 21 ± 1º C, 30 µmol photons m -2 . s -1 (photometer Li-Cor mod. 250), under a 14:10 h L:D (light:dark) photoperiod at the Brazilian Cyanobacteria Collection of the University of São Paulo, Brazil-BCCUSP.
Field colonies were identified at specific level when this was possible, through the wild phenotypes preserved with formalin 10% (1:10) based on the morphological characteristics used for Microcystis species (Komárek and Anagnostidis, 1999; . One drop of the diluted nankeen was used on the lamina to make the mucilage evident. During the cultivation in the laboratory, some strains showed morphological variation and became unicellular. The means of cell diameter were calculated (n=50) for each strain in midlogarithmic phase. The averages of cell diameter and standard deviation were statistically analyzed using SAS software (version 8.0). Photomicrographs of the colonies were taken with a Leica DMLS (Leica Microsystems, Wetzlar, Germany) microscope equipped with a video camera system (Image Pro Plus version 4.0, Media Cybernetics, Silver Spring, MD, USA). The DNA for PCR was prepared using the InstaGene Matrix (BioRad Laboratories, Hercules, CA, USA), by the method of Neilan et al. (1995) modified as described by Bolch et al. (1996) . PCR amplifications were performed using the modified protocols and cpcBA-IGS oligonucleotide primers as described by Bolch et al. (1996) . (PCβ-F: 5'-GGCTGCTTGTTTACGCGACA-3'; PCα-R: 5'-CCAGTACCACCAGCAACTAA-3'. Amplifications were carried out in 25 µL using Ready-To-Go PCR Beads kit (Amersham Pharmacia Biotech, Piscataway, NJ, USA), with 5 pmol of each primer and approximately 1.5 ng genomic DNA. The following cycling parameters were used: 92º C for 2 min, followed by 40 cycles of 92º C for 40 s ; 55º C for 50 s , and 72º C for 2 min, followed by a final extension at 72º C for 8 min in a GeneAmp 2400 thermocycler (PerkinElmer, Foster City, CA, USA). The restriction digestion amplification products were checked for successful amplification. Unreacted PCR components, primers and buffers were removed by purification through QIAQuick columns (Qiagen, Valencia, CA, USA) according to the manufacturer's instructions. The DNA concentrations were estimated directly from ethidium bromide fluorescence in agarose gel images against standard quantities of DNA (Low DNA mass, Invitrogen, Carlsbad, CA, USA). The restriction endonucleases digestion was perforomed with 90 ng of PCR product and 5U of restriction enzymes Alu II, Acc I, Hae III, Hha I, Msp I, Rsa I and Sau 3AI (Gibco BRL, Gran Island, NY, USA), according to the manufacturer's instructions, and for approximately 12h at 37 ºC. Amplification products were visualized through the horizontal slab gels on 1.5% ultrapure agarose (Amersham Pharmacia Biotech, Piscataway, NJ, USA) with ethidium bromide (0.2 µg mL -1 ), and run for 4h 1 X TBE running buffer (pH 8.0, 89 mM Tris, 89 mM boric acid and 2 mM EDTA) at constant voltage of 2.4 V cm -1 for 1.5h. The agarose gels were recorded using Kodak electrophoresis Documentation and Analysis System 290 (EDAS 290) (Kodak, Melville, NY, USA) associated with Kodak 1D Image Analysis Software. The RFLP fragments generated from cpcBA-IGS were handled as phenotypes. The strains were comparatively analyzed through the presence or absence of a digested fragment. The generated restriction fragments were assembled and converted into binary codes based on the criterion of data presence (1) and absence (0). Doubtful bands of low resolution were disregarded. The similarity matrix was calculated by the Jaccard coefficient using NTSYS software (version 2.1) and the UPGMA algorithm was used for the phenogram construction (Sneath and Sokal, 1973) . Microcystin production of investigated strains was obtained via immunoassay using the ELISA with EnviroLogix TM Microcystins Quantitative Plate Kit Microcystin (Envirologix Inc., Maine, USA).
RESULTS
Eighteen strains were identified as belonging to the M. panniformis Komárek et al., M. protocystis Crow, M. aeruginosa (Kützing) Kützing and M. wesenbergii Komárek (Komárek) in Kondrateva species (Table 1) . The strains NPLS-1 and BCCUSP08 were not identified to specific level because during the course of this study, they became unicellular. Despite the fact that the NPLJ-4, NPLJ-47, NPCD-1 and NPJB-1 strains were unicellular, they had been identified in previous studies as M. aeruginosa (Azevedo et al., 1994 to NPJB-1; Odebrecht et al., 2002 to NPLJ-47 and NPCD-1; Soares et al., 2004 to NPLJ-4) . The means, standard deviations and microcystin production are shown in Table 1 . M. protocystis and M. panniformis (Fig. 1) were the species frequently found in Brazilian water bodies . M. protocystis strains showed the colonies with small morphological variability, sparsely and irregularly arranged cells, and ample and diffluent mucilaginous envelope (Fig. 1a-b) . The observation of M. protocystis was already reported for the Tabocas reservoir (Komárek et al., 2001 ), Caruaru city, where several patients from a hemodialyses clinic died (Jochimsen et al., 1998; Carmichael et al., 2001) . Although a few studies suggested that some populations exhibited high toxicity (Komárek et al., 2001; , in the present study, no strain revealed itself as a microcystin producer. M. panniformis strains exhibited ample morphological variability (Fig. 1c-d The only M. wesenbergii analyzed strain presented a visible mucilaginous envelope, firm, refractive, forming a characteristic line around the colonies, with higher cellular diameters. Its life cycle phases have been presented by Otsuka et al. (2000) and Watanabe (1996) . Among all the analyzed morphspecies, only some M. aeruginosa strains revealed themselves as microcystin-producing (NPJB-1, from São Paulo state, NPLJ-4 and NPLJ-47 from Rio de Janeiro), which also showed the presence of toxic and nontoxic strains in the same species. A single product with approximately 700bp was observed after DNA amplification, pointing, thus, to the presence of only one operon (data not shown). The electrophoretic profiles are shown in Fig. 2 . The restriction enzyme Alu II did not digest the amplified fragment in any of the analyzed strains (data not shown). Acc I was capable in digesting only the fragments from two strains (BCCUSP09 and NPCD-1) (Fig. 2a) belonging to the same morphospecies, but from distinct localities. The remaining restriction enzymes provided different polymorphic profiles, Sau 3AI (Fig. 2b) , Rsa I (Fig. 2c) , Hae III ( Fig. 2d) with 3, 4 and 5 profiles, respectively. On the other hand, the enzymes Hha I (Fig. 2e) and Msp I (Fig. 2f) exhibited nine profiles each. Three clusters of the Brazilian Microcystis spp. were obtained with low similarity values (Fig. 3) . Cluster I included two toxic strains (NPLJ-4 and NPLJ-47), four non-toxic strains (BCCUSP08, BCCUSP04, BCCUSP200 and NPCD-1), and one not analyzed strain (BCCUSP06). Cluster II included one microcystin-producing strain (NPJB-1) and four non-toxic strains (BCCUSP296, BCCUSP30, BCCUSP05, NPLS-1 and BCCUSP11). Cluster III included only non-toxic strains (BCCUSP158, BCCUSP199, BCCUSP03, BCCUSP07). Nevertheless, the strains were not grouped according to their geographical origin, water body, morphospecies, toxicity, or according to their cell dimensions. The strain BCCUSP09 was not included in any of the clusters and it showed low values of similarity among the others. 
DISCUSSION
In the Brazilian Microcystis populations a single product was amplified for the phycocyanin operon with ~700bp. The amplifications of this fragment in the strains from Australia, Canada and Japan provided products varying from 500 to 640 bp (Neilan et al., 1995; Neilan, 1996; Bolch et al., 1996) showing, thus, the genetic polymorphism among the Brazilian strains and those from other localities. According to Bolch et al. (1996) , some cyanobacteria strains have two or three operons cpc distinctly expressed under differentiated growing conditions. Because of IGS size variation, two different amplified products could be expected in the species with more than one operon. Nevertheless, lack of additional fragments, as was the case with the results here presented, suggested each operon to be unique to the genus. The fifteen genotypes obtained in the 18 analyzed strains showed a high degree of polymorphism among the Brazilian Microcystis populations (Fig.  2 , Table 1 ). Such variability could justify the presence of several morphotypes largely found in the nature. According to Kato et al. (1991) , Japanese strains of M. aeruginosa were highly differentiated in their morphology and allozymes composition. These authors suggested this species was constituted by more than one taxonomic entity.
The ample genetic variability of Brazilian Microcystis populations as established in this study was also demonstrated for other cyanobacteria genus (Neilan et al., 1995; Barker et. al., 2000; Manen and Falquet, 2002; Janson and Granéli, 2002, Bittencourt-Oliveira and . The restriction enzymes here utilized provided several polymorphic fragments; in the digestion, however, some of them were more efficient than the others. When used by Neilan et al. (1995) and Bolch et al. (1996) , the enzymes Sau 3AI, Rsa I and Hae III equally produced polymorphisms among the strains of M. aeruginosa. Hha I and Msp I revealed several profiles (nine) among the Brazilian populations, which was different from the results of the Australian, Japanese, American and European strains with smaller number of fragments. The variations of the polymorphic profiles from distinct studies indicated the ample genetic variability of Microcystis at a world wide scale.
The three generated clusters were not grouped according to their geographical origin, water body, morphospecies, cell dimensions, or toxicity.
Microcystins were produced via a multifunctional enzyme (Dittmann et al., 1997) , a peptide synthetase, and did not relate to the genes which encoded for c-phycocyanin (cpcA and cpcB). The Brazilian Microcystis strains exhibited a huge genetic diversity. Morphologically similar strains like BCCUSP04 and BCCUSP05 (M. protocystis), but with very different genotypes, were included into different clusters. On the other hand, the BCCUSP199, BCCUSP03 and BCCUSP158 (M. panniformis) strains, with almost 100% of similarity, were reunited in the same cluster (Fig.3) . Early studies of the morphological and genetic variation of Microcystis morphospecies have shown some correlation between the morphological and genetic groupings. The data presented here indicated that some genotypes or strains displayed consistent morphological characteristics. Some had consistently smaller or larger cell sizes, and some morphospecies appeared to correspond largely with a particular genotype or cluster of closely related genotypes (Kato et al., 1991 , Nishihara et al., 1997 Otsuka et al., 1999; Bittencourt-Oliveira et al., 2001) . Kato et al. (1991) distinguished two morphotypes (Large, L and Small, S) in M. aeruginosa, based on the colonies morphology and, above all, on the cellular diameters. This was a clue indicating that such characteristic was valid when jointly used with genotype data. According to Neilan et al. (1997 , Neilan et al., 1994 , some Microcystis strains from different localities displayed the same genotype, indicating that the genus could be cosmopolitan which was based on the sequencing of the gene 16S rRNA. High degrees of similarity among the populations of Japanese, Europeans and Australian M. aeruginosa have been found. The RFLP-PCR technique applied to the cpcBA-IGS revealed itself a useful tool for the study of Microcystis intraspecific genetic polymorphism. It was difficult to envisage a morphological scheme, which could adequately account for the morphological and genetic variability in the genus. The molecular and morphological data presented here reinforced the necessity for a polyphasic approach toward the identification of Microcystis species. 
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RESUMO
A ocorrência de florações de cianobactérias tóxicas demanda um melhor entendimento da variabilidade genética como um instrumento auxiliar na identificação de espécies colaborando, assim, com o monitoramento de águas destinadas ao abastecimento público. Este estudo objetivou o conhecimento do polimorfismo genético de linhagens tóxicas e não tóxicas de espécies de Microcystis (Cyanobacteria), isoladas de diversas localidades brasileiras, utilizando a técnica molecular RFLP-PCR para o operon que codifica para a c-ficocianina e seu espaçador intergênico (cpcBA-IGS 
